Abstract. Forkhead box M1 (FOXM1) and hedgehog (Hh) signaling pathway are implicated in the formation and development of human tumors, including cervical cancer. Previous studies have indicated that FOXM1 may be a downstream target gene of the Hh signaling pathway, but their association in cervical cancer is largely unknown. In the present study, the expression of FOXM1 and Hh signaling molecules was evaluated by immunohistochemical analysis in a tissue microarray that contained 70 cervical cancer tissues and 10 normal cervical tissues. In addition, the association of these molecules with clinicopathological parameters, and the association between FOXM1 and various molecules involved in the Hh signaling pathway was investigated. The results indicated that FOXM1 and Hh signaling molecules were overexpressed in cervical cancer tissues. The protein expression levels of FOXM1, glioma-associated oncogene 1 (GLI1) and smoothened (SMO) correlated with the clinical stage of the tumors, while the protein expression levels of Sonic Hh (SHh), patched 1 (PTCH1) and GLI1 correlated with the pathological grade of the tumors. The expression levels of GLI1 were lower in tissues without lymph node metastasis than in tissues with lymph node metastasis. In addition, FOXM1 expression correlated with GLI1, SHh and PTCH1 expression in cancer tissues. These findings confirmed the participation of FOXM1 and the Hh signaling pathway in cervical cancer. Furthermore, the finding that FOXM1 may be a downstream target gene of the Hh signaling pathway in cervical cancer provides a potential novel diagnostic and therapeutic target for cervical cancer.
Introduction
Despite the improvements in diagnostic and screening techniques in recent years, and the increased availability in vaccines, cervical cancer remains the second most common type of cancer affecting the female reproductive system (1) , and the fourth leading cause of cancer-associated mortalities in women worldwide (2) . Epidemiological studies have indicated that human papillomavirus is an important risk factor, and possibly the most required etiological agent, in the development of cervical cancer (3) (4) (5) . However, this agent alone is insufficient to trigger cervical cancer development (6) . Thus, a number of previous studies have speculated that other genetic events may affect this malignant transformation (7) (8) (9) (10) . However, the genetic basis underlying cervical tumorigenesis and progression is largely unknown.
The mammalian transcription factor forkhead box M1 (FOXM1) belongs to the extensive family of forkhead transcription factors, which harbor 100 amino acids and an evolutionarily conserved DNA binding domain called forkhead or winged-helix domain (11) (12) (13) . FOXM1 is a dynamic cancer-associated biomarker involved in the regulation of various biological processes, including cell cycle progression, differentiation, metastasis, invasion and angiogenesis (14) (15) (16) (17) (18) . In a previous study, the present authors demonstrated that FOXM1 was overexpressed in cervical cancer tissues, and its nuclear expression was observed to be correlated with the pathological grade of the tumor (19) . Furthermore, FOXM1 may be involved in the regulation of cancer invasion and metastasis by regulating the expression and activity of matrix metalloproteinase (MMP)-2, MMP-9 and vascular endothelial growth factor (VEGF) (17) . Chan et al (20) and He et al (21) also indicated that FOXM1 is important in the tumorigenesis and development of cervical cancer. However, the molecular mechanism underlying the modulation of FOXM1 expression remains unclear. Teh et al (22) demonstrated that the overexpression of glioma-associated oncogene 1 (GLI1) significantly elevated the messenger RNA (mRNA) levels and transcriptional activity of FOXM1 in numerous human tumor cell lines. Since then, various studies have attempted to identify an association between FOXM1 and hedgehog (Hh) signaling in human tumors (23) (24) (25) .
The Hh signaling pathway, which was first reported by Nüsslein-Volhard and Wieschaus in 1980 (26) , regulates growth and patterning during organogenesis, and its malfunction leads to multiple human disorders, including birth defects and cancer (27) (28) (29) . In humans, this signaling pathway involves three ligands, namely Sonic Hh (SHh), Indian Hh (IHh) and Desert Hh (DHh). Among these three ligands, SHh is the most widely expressed in mammalian tissues, while IHh is specific for bone development and DHh expression is restricted to gonads (29, 30) . The receptor for Hh ligands is a protein with 12 transmembrane domains termed patched 1 (PTCH1), which is located in the cell membrane (31) . Another transmembrane protein called smoothened (SMO) is also involved in the Hh signaling pathway, while GLIs are zinc-finger proteins that function as translational modulators of this pathway (32) .
In the absence of Hh ligands, PTCH1 inhibits the activity of SMO, while the binding of Hh ligands to PTCH1 relieves the inhibition of SMO caused by PTCH1, and SMO subsequently activates the translational modulators GLI1, GLI2 and GLI3 (33) . This cascade of events ultimately results in the regulation of the corresponding target genes (33) . Certain components of the Hh signaling pathway such as PTCH1 and GLI1 are direct transcriptional targets, thus establishing a feedback loop that regulates the level of activity of this pathway (34) .
Various studies on the role of the Hh signaling pathway in cervical cancer have been previously conducted, but the precise molecular mechanism underlying the processes of metastasis and invasion in cervical cancer remains unclear. In addition, the association between the Hh signaling pathway and FOXM1 in cervical cancer is largely unknown. Therefore, the expression of Hh signaling molecules (including SHh, PTCH1, SMO and GLI1) and FOXM1 was analyzed in the present study in a tissue microarray of cervical cancer using immunochemistry. In addition, the association between these molecules and the clinicopathological parameters of patients with cervical cancer (including pathological grade, clinical stage and lymph node metastasis), as well as the association between the Hh pathway and FOXM1 expression were also evaluated in the present study. Immunohistochemistry. Tissue sections were deparaffinized with serially decreasing concentrations of ethanol (Sinopharm Group Co., Ltd., Shanghai China) and then rehydrated in distilled water for 2 min. For antigen retrieval, the slides were pretreated with 0.01 M citrate buffer pH 6.0 (Thermo Fisher Scientific, Inc., Waltham, MA, USA), prior to be heated in a KJ23B microwave oven (Midea, Shunde, China) for 15 min. To detect SMO, GLI1 and FOXM1 antigens, the endogenous peroxidase activity was blocked with 3% H 2 O 2 (Nanjing Senbeijia Biological Technology Co., Ltd., Nanjing, China) in methanol (Shanghai Macklin Biochemical Co., Ltd., Shanghai, China) for 15 min at room temperature, and the sections were then incubated with the corresponding primary antibodies overnight at 4˚C. Subsequently, the sections were incubated with peroxidase-conjugated secondary antibodies (catalogue no. PV-9000; ZSGB Biotechnology, Beijing, China). Protein expression was visualized by the brown pigmentation resulting from the chromogen 3,3'-diaminobenzidine (DAB) hydrochloride (catalogue no. AR1022; Wuhan Boster Biological Technology, Ltd., China). Next, the slides were counterstained with hematoxylin (catalogue no. H9627, Sigma-Aldrich, St. Louis, MO, USA), rinsed several times with phosphate-buffered saline (PBS; Wuhan Boster Biological Technology, Ltd.) pH 7.4, dehydrated with a series of graded ethanol solutions, cleared using xylene (Sinopharm Group Co., Ltd.), and observed under an ECLIPSE E100 optical microscope (Nikon Corporation, Tokyo, Japan). To detect SHh and PTCH1 antigens, the endogenous peroxidase activity was blocked with rabbit serum (Shanghai Beiyi Bioequip Information Co., Ltd., Shanghai, China) for 30 min at room temperature, prior to incubating the tissue sections with the corresponding primary antibodies overnight at 4˚C. The primary antibodies used were as follows: Goat anti-SHh polyclonal antibody (catalogue no. sc-1194; 1:120 dilution), goat anti-PTCH1 polyclonal antibody (catalogue no. sc-6149; 1:120 dilution), rabbit anti-SMO polyclonal antibody (catalogue no. sc-13943; 1:120 dilution), rabbit anti-GLI1 polyclonal antibody (catalogue no. sc-20687; 1:100 dilution) (Santa Cruz Biotechnology, Inc., Dallas, TX, USA) and rabbit polyclonal anti-FOXM1 antibody (1:150 dilution; ProteinTech Group, Inc., Chicago, IL, USA). Next, biotinylated rabbit anti-goat immunoglobulin G (catalogue no. SA1023; Wuhan Boster Biological Technology) was added to the sections and incubated at 30˚C for 30 min. The immunoreactivity of the tissue sections was visualized using DAB hydrochloride. Sections were then counterstained with hematoxylin, rinsed in PBS pH 7.4, dehydrated with ethanol, cleared with xylene, and observed under an ECLIPSE E100 optical microscope.
Materials and methods

Patients
Quantitative analysis. The slides were examined under an ECLIPSE E100 microscope. Positive cells were stained as brownish granules in the cytoplasm or in the nucleus. The staining intensity for the Hh signaling molecules and FOXM1 protein in cervical tumors and normal epithelia was semi-quantitatively assessed. The immunostaining densities of each point of the tissue microarray were quantitatively assessed with Image-Pro Plus version 6.0 (Media Cybernetics, Inc., Rockville, MD, USA). Briefly, the sections were placed under the microscope and photographed. The images were then transferred via a digital camera (EOS 600D; Canon, Inc., Tokyo, Japan) to a computer. A total of three separate positive areas at x400 magnification were selected in each point of the immunostaining sections, and the integrated optical density (IOD) was measured. The IOD values obtained in three areas were averaged and used to calculate the mean values.
Statistical analysis. Statistical analyses were performed with SPSS 20.0 software (IBM SPSS, Armonk, NY, USA). The association between the protein expression levels (according to the IOD values) of FOXM1 and Hh signaling molecules and the clinicopathological parameters of the tumors was evaluated with independent t-tests in order to compare the differences between two groups. To compare differences between ≥2 groups, one-way analysis of variance was used for those cases of equal variance, while Kruskal-Wallis test was used for unequal variance. The correlation between the expression levels of each protein was analyzed with the Spearman's rank-order correlation test. Data were reported as the mean ± standard deviation. P<0.05 was considered to indicate a statistically significant difference.
Results
Overall data. The 80 specimens analyzed in the present study consisted of 70 cancer cases and 10 normal cases. The mean age of the patients was 44 years (range, 15-72 years). The expression levels of the aforementioned proteins were Squamous cell carcinoma compared with adenocarcinoma. FOXM1, forkhead box M1; Hh, hedgehog; SHh, Sonic Hh; SMO, smoothened; GLI1, glioma-associated oncogene 1; PTCH1, patched 1; IOD, integrated optical density; SD, standard deviation.
significantly higher in the tumor specimens than in normal tissues. No significant differences were detected between the squamous cell carcinoma tissues and adenocarcinoma tissues (Table II) . Tumor cases were divided into three groups, based Table IV . Association between SHh and PTCH1 expression and clinicopathological characteristics.
Patients, n (%) IOD (mean ± SD) P-value IOD (mean ± SD) P-value on patients' age (≤40, 41-56 and ≥56 years, respectively). No significant correlation was observed between protein expression and patient age, except for FOXM1 expression in <41 and >55-year-old patients (P= 0.033). No significant correlation was observed between the expression of FOXM1, SHh, PTCH1 or SMO and lymph node status (P=408, P=0.113, P=0.528 and P=0.853, respectively).
FOXM1 expression in cervical cancer and normal tissues.
FOXM1 protein was stained as brownish granules in the cytoplasm and particularly in the nucleus of positive cells (Fig. 1) . In the control samples, the background was clear with no specific staining. Table III shows the expression of FOXM1 in cervical cancer tissues. The IOD value of FOXM1 in normal cases was (2.97±1.67)x10 4 . According to the AJCC staging classification Table V . Association between GLI1 and SMO expression and clinicopathological characteristics.
GLI1 SMO ----------------------------------------------------------------------------------------------------------------------------Characteristics
Patients, n (%) IOD (mean ± SD) P-value IOD (mean ± SD) P-value f patients in the ≤40-year-old group compared with patients in the 41-56-year-old group; g patients in the 41-56-year-old compared with patients in the ≥56-year-old group; h patients in the ≤40-year-old group compared with patients in the ≥56-year-old group. GLI1, glioma-associated oncogene 1; SMO, smoothened; IOD, integrated optical density; SD, standard deviation. 
Expression levels of SHh and PTCH1 in cervical cancer and normal tissues. Immunohistochemical staining identified
SHh and PTCH1 in the cytoplasm and nucleus of tumor cells (Fig. 2) . The IOD values of SHh and PTCH1 in normal specimens were (8.82±3.04)x10 3 and (3.46±1.27)x10 4 , respectively.
The expression of SHh significantly differed between different pathological grades, and was significantly higher in poorly differentiated tumors than in moderately differentiated tumors (P<0.001). No difference was observed in terms of invasive extent or lymph node metastasis. The expression levels of PTCH1 were not associated with invasive extent. By contrast, the expression of PTCH1 was significantly correlated with the tumor pathological grade, being the expression levels of PTCH1 higher in poorly differentiated tissues than in moderately differentiated tissues (P=0.023). The results of the statistical analysis conducted for SHh and PTCH1 expression are listed in Table IV .
Expression levels of SMO and GLI1 in cervical cancer and normal tissues. Immunohistochemical staining identified 
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SMO mainly in the cytoplasm of tumor cells, while GLI1 was expressed both in the cytoplasm and nucleus (Fig. 3) .
The IOD values of SMO and GLI1 in normal specimens were (2.41±1.43)x10 4 and (2.48±2.35)x10 4 , respectively. The expression of SMO was not associated with the tumor pathological grade. However, the expression levels of this protein correlated with the tumor invasive extent, as revealed by the results of Kruskal-Wallis test (P=0.019). The expression of GLI1 was significantly lower in moderately differentiated cervical cancer tissues than in poorly differentiated cervical cancer tissues (P=0.022). In addition, the expression of GLI1 correlated with the invasive extent of cervical tumors (P=0.005). GLI1 expression was also higher in tumors with lymph node metastasis than in tissues without lymph node metastasis (P=0.017). The results of the statistical analysis regarding these proteins are listed in Table V .
Discussion
Cervical cancer is the second most common malignancy among women worldwide, and its incidence and mortality rates rank the third and fourth, respectively, among female malignant tumors (2) . The metastasis capability of cervical cancer contributes to its malignance (35) . Therefore, elucidation of the molecular mechanism underlying cancer formation and progression is urgently required. In the present study, the expression patterns of FOXM1 and Hh signaling molecules in cervical cancer were characterized via immunohistochemistry. 
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The results indicated that FOXM1 protein and Hh signaling molecules were overexpressed in cervical cancer tissues. In addition, the association between FOXM1 and the Hh signaling pathway was also analyzed. The results indicated that FOXM1 overexpression correlated with overexpression of molecules participating in the Hh signaling pathway. These data suggest that FOXM1 is important in cervical cancer and that the Hh signaling pathway participates in its modulation. Overall, the present study suggests that therapies directed against FOXM1 and the Hh signaling pathway are a promising novel approach for cervical cancer treatment. Increased expression of FOXM1 has been previously detected in diverse cancer cell lines and tissues (36, 37) . In the present study, FOXM1 expression was significantly higher in cervical cancer tissues than in normal cervical tissues (squamous carcinoma vs. normal cervical tissue, P<0.001; adenocarcinoma vs. normal cervical tissue, P=0.014). This result is in accordance with the studies by Chan et al (20) and He et al (21) . The present study also revealed that the expression of FOXM1 correlated with cancer invasion (P=0.011), similarly to the results reported by Chan et al (20) and He et al (21) , who also noted an association between FOXM1 expression and tumor stage. In the current study, no association was detected between FOXM1 expression and tumor pathological grade or lymph node metastasis. However, FOXM1 expression was lower in patients older than 55 years than in patients younger than 41 years (P=0.033). This result suggests that FOXM1 expression decreases with age. To the best of our knowledge, the present study is the first to explore the association between FOXM1 expression and patient age. In a previous study, the present authors demonstrated that RNA interference (RNAi)-mediated FOXM1 knockdown inhibited cervical cancer migration, invasion and angiogenesis in vivo and in vitro (18) . In the present study, the results of immunohistochemistry analysis indicated that FOXM1 expression also correlated with cancer invasive extent in human cervical cancer tissues. These results suggest an important function of FOXM1 in cervical cancer metastasis and invasion.
Previous studies have reported that the Hh signaling pathway participates in various tumor processes, including formation, development, metastasis and angiogenesis (38) (39) (40) . In the present study, the expression of the molecules involved in the Hh signaling pathway was investigated, and the results revealed that GLI1, PTCH1, SMO and SHh were overexpressed in cervical cancer tissues (squamous carcinoma vs. normal cervical tissue, all P<0.01; adenocarcinoma vs. normal cervical tissue, P=0.014, P=0.007, P=0.007 and P=0.007, respectively). In addition, the association between the expression levels of the above Hh signaling molecules and the clinicopathological characteristics of patients was also analyzed in the present study. The expression levels of SHh, PTCH1 and GLI1 were significantly higher in the poorly differentiated tumor cases than in the moderately differentiated tumor cases (P<0.001, P=0.023 and P=0.022, respectively). The expression levels of GLI1 and SMO also correlated with the invasive extent of cervical tumors (P=0.005 and P=0.019, respectively), while GLI1 expression additionally correlated with lymph node metastasis (P=0.017). The overexpression of these molecules, which are involved in the Hh signaling pathway, implies that this pathway participates in the formation and invasion of cervical cancer. Xuan et al (41) also studied the expression of the aforementioned Hh signaling molecules in cervical cancer, and observed that their expression was higher in carcinoma tissues and cervical intraepithelial neoplasia of stage II/III than in normal tissues. Furthermore, Samarzija and Beard (42) reported that the overexpression of GLI1, PTCH1, SMO and SHh in cervical cancer cells (including C33-A, SiHa, C4-1, CaSki and HeLa), and the inhibition of the Hh signaling pathway by its inhibitor, reduced the proliferation and survival of cervical cancer cells. Overall, the results of these studies imply that the Hh signaling pathway is important in cervical cancer.
FOXM1 is a major oncogenic transcription factor, since it mediates cancer cell cycle progression, apoptosis, angiogenesis, migration, invasion and metastasis (9, (43) (44) (45) . Considerable efforts have been exerted in recent years to elucidate the translation and activity of FOXM1 (46) . The Hh signaling pathway may modulate the transcription of FOXM1 in human transitional cell carcinoma of the bladder (47). Teh et al (22) indicated that GLI1 overexpression in primary keratinocytes and other cell lines significantly elevated the mRNA levels and transcriptional activity of FOXM1. Thus, FOXM1 may be the target of GLI1 in basal cell carcinomas. In addition, FOXM1 overexpression in non-small cell lung carcinoma has been demonstrated to correlate with PTCH1, SMO and GLI1 expression (48) . In present study, the association between FOXM1 and Hh signaling molecules was analyzed, and the results indicated that FOXM1 expression significantly correlated with GLI1 (R=0.405, P<0.001), SHh (R=0.416, P<0.001) and PTCH1 (R=0.281, P=0.012) expression. These data indicate that FOXM1 may be the downstream of the Hh signaling pathway in cervical cancer. To the best of our knowledge, the present study is the first to describe an association between FOXM1 and the Hh signaling pathway in cervical cancer. Considering previous and present results, it is possible to conclude that FOXM1 is a downstream target of the Hh signaling pathway in human tumors.
The mechanism responsible for the regulation of metastasis and invasion in cervical cancer is not thoroughly understood at present. MMP-2 and MMP-9 principally function in tumor invasion and migration (49) , whereas VEGF is a key factor in angiogenesis (50, 51) . In epithelial ovarian cancer cells, FOXM1 downregulation led to reduced expression of MMP-2, MMP-9 and VEGF (52) . In a previous study, the present authors used RNAi to inhibit the expression of FOXM1 in cervical cancer cells, which consequently suppressed the activity and expression of MMP-2, MMP-9 and VEGF (18) . Previous studies have reported that the inhibition of the Hh signaling pathway in glioma (53) and liver cancer (54) suppressed the expression of MMP-2, MMP-9 and VEGF. FOXM1 may act as the downstream element of the Hh signaling pathway, and both FOXM1 and the Hh signaling pathway may modulate the expression and activity of MMP-2, MMP-9 and VEGF (18, (54) (55) (56) . Thus, it is possible to hypothesize that the Hh signaling pathway may regulate the expression and activity of MMP-2, MMP-9 and VEGF through FOXM1. Further studies are required to explore the exact mechanism underlying this regulation.
In conclusion, FOXM1 may act as the downstream target of the Hh signaling pathway. GLI1, as a translational activator of this pathway, may be responsible for the translation and activation of FOXM1. In the present study, the expression of FOXM1, GLI1 and SMO correlated with cervical cancer clinical stage, whereas the expression of GLI1, SHh and PTCH1 correlated with tumor pathological grade. The present results were mainly based on the analysis of cervical cancer tissues. Therefore, further experiments using cervical cancer cells and cervical cancer orthotopic implantation models should be conducted in order to understand the exact mechanism underlying the regulation of cervical cancer.
